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ABSTRACT
The purpose of this study was to determine the comparative physi­
ological effects of two programs of sauna baths on the body over a pro­
longed period of time. A secondary purpose was to analyze the adjustments 
made by the body at various stages in two programs o f  extreme heat (sauna) 
over a prolonged period of time. The physiological measurements studied 
were pulse rate, body temperature, rate of respiration, body weight, 
systolic pressure, diastolic pressure, pulse pressure, and metabolism.
The investigator used twenty-three college women, selected on a 
volunteer basis, attending Nicholls State College, Thibodaux, Louisiana. 
The study was extended over a twelve week period of investigation.
The subjects were randomly assigned into two groups. Group I 
trained in the sauna three days a week. Group IX trained in the sauna 
two days a week.
The complete sauna bath consisted of two fifteen minute sessions 
in the sauna room with a five minute interval between the sessions. The 
temperature was between 180 and 200 degrees Fahrenheit, with the humidity 
approximately 7 per cent.
The data for the investigation consisted of  body resting states 
established during the first, sixth, and twelfth weeks of the study in 
all the variables studied. Measurements were also recorded weekly on 
each subject immediately after the sauna bath in all variables, with the 
exception of the metabolism test.
x
The main statistical tool employed to analyze the results of 
this study was a three-part analysis of variance. Regression polynom­
ials were used in the orthogonal comparisons to determine the charac­
teristic trends resulting from the treatments.
Analysis of variance and covariance was used to compare the 
effects of the two programs of regular exposure to heat.
A graphical analysis was employed to study any adjustments by the 
body during the sauna training program.
The main findings of this study were:
1. The resting states for the pulse rate, systolic pressure, and 
diastolic pressure were lowered significantly at the .01 level 
of confidence in subjects exposed to a program of extreme heat 
three days per week for eleven weeks.
2. The resting states for the body temperatures and metabolism 
were lowered significantly at the .05 level of confidence in 
subjects exposed to a program of extreme heat three days per 
week for eleven weeks.
3. The graphical analyses revealed that the adjustments made by 
the body were similar for both groups. Pulse rate and body 
temperature did not rise as high as the weeks of training 
progressed. Systolic pressure dropped, then became unaffected, 
diastolic pressure dropped extremely low at the beginning of 
the training program and continued to rise as the weeks of 
training progressed. Pulse pressure increased greatly at
first, due to the extreme drop in diastolic pressure, but 
continued to drop in relation to the rise in diastolic press 
ure.
It was concluded that a program of regular exposure to extreme 
heat will significantly lower resting pulse rate, body temperature, sys 
tolic pressure, diastolic pressure, and metabolism during the training 
program. The body becomes acclimatized to extreme heat imposed over a 
prolonged period of time, but this acclimatization is temporary and is 
quickly lost when the training program is interrupted.
CHAPTER I
INTRODUCTION
The sauna bath has recently become a popular and growing health 
fad in America. The extent of a fad's impact can sometimes be measured 
by the prominence of those people adopting it. According to reports, 
two professional football teams are training with saunas;^" the astro­
nauts reportedly are using saunas to adapt themselves to the atmos-
2phere of outer space; and the names of well-known television and
political personalities are included in sauna advertising brochures as
3being advocates of regular sauna baths. Many athletic departments in 
the United States are placing saunas in their training rooms. The sauna 
or steam room is also a standard fixture in health studios.
A few examples of the various claims made by the sauna promoters 
are that it soothes tired, aching muscles; aids in losing weight; de­
velops endurance; tones muscles; improves the circulatory system; relieves 
tensions; relieves the pains of arthritis, bursitis, and sinus; relieves 
mental strains; and produces a general feeling of well being.
lHal Higdon, "What You Should Know About Saunas," Today’s Health, 
XLV (March, 1967), 21-23.
2J. Skow, "Importance of Being Poached," Saturday Evening Post, 
CCXXXVIII (May 8, 1965), 89.
^Higdon, loc. cit., p. 22.
1
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Although the sauna has enjoyed a surge of popularity in the 
United States, it has long been considered a fundamental necessity in 
Finland. Apparently, every dwelling is almost invariably accompanied 
by a small sauna cabin, usually on the shore of a lake or the sea. Sauna 
baths are reportedly incorporated in all business establishments, factor­
ies, and hospitals for the benefit of staff or employees. A recent survey
indicated that there is one sauna to every six inhabitants in Finland and,
4on an average, each sauna is heated about once a week.
A considerable amount of research has been done, mainly in Finland 
and Germany, on the physiological effects of the sauna on the body. Work 
carried out during the last ten years has yielded some information as to 
the body's measurable responses to this kind of environmental stress. In 
Finland especially, work has been handicapped to a certain extent because 
of the difficulty in finding persons not accustomed to using the sauna 
regularly. Some of the more recent investigations are producing contra­
dictory evidence pertaining to cardiac work requirements, blood pressure,
5metabolism, and renal functions.
There has been a considerable amount of research done in the United
States by leading physiologists in the field of physical education on the
/:
physiological responses of the body to environmental heat. Karpovich 
listed the following physiological responses of the body to environmental
^Jeddi Hasan, M.D., "The Finnish Sauna," World Medical Journal, 
XXX (July, 1964), 196-197.
5Ibid., p. 197.
^Peter Karpovich, Physiology of Muscular Activity (Philadelphia: 
W. B. Saunders Company, 1953), pp. 231-242.
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heat: rise in body metabolism, increase in frequency of breathing, in­
crease in circulation of the blood, rise in pulse rate, increase in the 
minute-volume output of the heart, and loss of water by evaporation. One 
can readily see that the sauna is definitely a form of environmental heat.
I. PURPOSE OF THE STUDY
The purposes of the study were:
1. To determine the comparative physiological effects of two pro­
grams of sauna baths on the body over a prolonged period of 
time.
2. To analyze the adjustments made by the body at various stages
in two programs of extreme heat (sauna) over a prolonged period
of time.
3. To obtain information of a personal nature from the subjects 
concerning the sauna bath by means of a questionnaire.
i
II. SIGNIFICANCE OF THE STUDY
This study was made to provide more knowledge of the physiological 
effects of the sauna on the body. A survey of the literature in this area 
indicated that relatively little research has been conducted in the United 
States. The available research presents contradictory evidence relating 
to the physiological responses of the body to extreme dry heat. Due to
the current rise in popularity of use of the sauna bath in the United
States, it was deemed that research in this area was needed.
4
III. DELIMITATIONS OF THE STUDY
The study involved college women, ranging in age from eighteen-to 
twenty-eight years, who were enrolled as students at Nicholls State Col­
lege, Thibodaux, Louisiana.
The study was limited to a twelve-week period of investigation.
The two programs under study involved two days per week and three days
per week training.
The physiological measures used in the study concerned only heart 
rate, body temperature, rate of respiration, blood pressure, body weight, 
and metabolism.
IV. LIMITATIONS OF THE STUDY
The study was limited to twenty-three subjects. Group I consisted
of twelve subjects and Group II consisted of eleven.
The Jones Basal Metabolism machine was used to assess the resting 
metabolic rate of the subjects. The study did not lend itself to the 
laboratory conditions necessary for assessing the basal metabolism of the 
subjects.
V. DEFINITION OF TERMS
Body Temperature. This term was defined as the oral temperature 
in degrees Fahrenheit as representation of central body temperature.
Body Weight. This term was used to designate the actual weight in 
pounds of the subject dressed in a swimsuit.
5
Diastolic Pressure. This term was defined as the lowest level to 
which the arterial blood pressure falls in the interval between successive 
heartbeats.
Extreme Heat. This term was used to refer to the sauna bath which 
was a dry heat bath, with temperatures ranging from 180 •* 200 degrees, 
with extremely low humidity (around 7 per cent). The complete sauna 
bath consisted of two fifteen-minute sessions in the sauna room with a 
five-minute interval between the sessions.
Metabolism. This term was defined as the sum total of all the phy­
sical and chemical processes by which living tissue is produced and main­
tained. Basal metabolism is the basal or minimal amount of energy (heat) 
produced by an individual measured twelve to sixteen hours after eating 
when the individual is as nearly as possible at complete mental and phy­
sical rest, but not asleep. The basal metabolism is proportional to the 
surface area of the body and varies with the age and sex of the individual. 
The basal metabolic rate is the percentage variation from the normal for 
an individual of the same surface area, age, and sex.^
Pulse Pressure. This term was defined as the difference between 
the systolic and diastolic blood pressures.
Resting States. This term was used to describe the actual testing 
conditions for all physiological measurements. Each subject was instructed 
not to eat, smoke, exercise, or drink more than water, prior to the tests. 
The subjects reported to the sauna room between the hours of seven and ten
Opal Hepler, Manual of Clinical Laboratory Methods (Springfield, 
Illinois: Charles C. Thomas, Publisher
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o'clock AM. and were instructed to lie down for twenty minutes. The 
resting states for all physiological measurements were then assessed.
Systolic Pressure. This term was defined as the highest level to 
which the arterial blood pressure rises following the systolic ejection 
of blood from the left ventricle.
CHAPTER II
REVIEW OF RELATED LITERATURE
The review of related literature was limited to studies involving 
the effects of the sauna on the body and to studies dealing with the 
effects of environmental heat on the body. The literature is presented 
under the main headings: (1) studies investigating the effects of the
sauna on the body and (2) studies investigating the results of exposure 
to heat.
I. STUDIES INVESTIGATING THE EFFECTS OF 
THE SAUNA ON THE BODY
g
Higdon reported in Today1s Health that no evidence exists to sup­
port the fitness claims of the sauna bath by the sauna promoters. He
further stated that the Food and Drug Administration (FDA) expressed 
the concern that many sauna advertisements seem extravagant in their 
claims for health benefits.
Hasan^ stated that the dominant physical factor affecting the body 
is the environmental heat in the sauna which brings about a rise in the 
normal temperature of the body. In an attempt to prevent this rise in 
temperature, the body resorts to profuse per. miration. The bather loses 
a considerable amount of water and mineral salts from his tissues. One
^Higdon, loc. cit., p. 24.
% a s a n , loc. ĉjLt:., p. 197.
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of the most evident after-effects of a sauna is an intense feeling of 
thirst which forces the individual to restore his water-balance.
He reported that actual measurements have shown that the function 
which really could affect the bather's weight, his metabolic rate, is 
affected only to a slight extent by the sauna and returns to its normal 
level very soon after exposure. Claims have also been made that some 
still unrecognized hormones may be secreted in the sauna which could 
affect the metabolism of the tissues for longer periods, but the evidence 
is not convincing.
Hasan maintained that the cardiovascular system is subject to con­
siderable functional changes in the sauna. When the skin comes in contact 
with hot air, the vessels carrying blood into the superficial parts of the 
body, reflexly dilate and this brings about an abundant blood flow in the 
numerous minute vessels of the skin. The blood is warmed by the hot skin 
and carries the heat to deeper parts of the body, thus accelerating the 
rise in the body temperature. The added demands of the hot environment on 
the circulation forces the heart to increase its output. One of the most 
easily observed physiological changes in the sauna is the remarkable 
quickening of the heart rate. For many years it was thought that the work 
requirements for the heart in the sauna were of such magnitude that at 
least those with circulatory disorders were in actual danger. Recent in­
vestigations have shown that cardiac work requirements in the sauna are 
increased only to about the same extent as when walking quite slowly on a 
level. In this same study it was observed that whereas the blood pressure 
of healthy persons remains approximately normal in the sauna, there is a
9
marked fall in hypertensive persons. Unfortunately, this effect is only 
transient and original condition is restored quite soon after the bath. 
Other investigations have revealed that the sauna markedly affects renal 
function as would be expected from the changes in water-balance caused 
by sweating alone.
Karvonen,^ in a study on the physiological effects of the sauna 
bath, classified the reactions of the body in three groups: (1) reactions
which are a direct result of the elevated body temperature; (2) reactions 
of the body which counteract the rise in body temperature; and (3) re­
actions of adaptation of the body to the new conditions. The possible 
strain of sauna bathing on the circulation has frequently been studied.
It has been concluded that there might be a slight strain on the heart 
by the increased minute volume, but on the other hand, pressure increase 
which occurs in connection with physical work is eliminated in the sauna.
In hypertensive conditions, sauna bathing may effect a consider­
able decrease of blood pressure, averaging more than 30 mm Hg in systolic 
pressure. The lowering of the blood pressure after a sauna lasts for 
more than an hour, and many persons with hypertension are without symp­
toms for a whole day.
E. L. David,^ a biological researcher in London, England, reported 
some of the effects of the sauna on the human body. He stated that a 
sauna bath should neither be taken when the individual has a full stomach
■^M. J. Karvonen, "Physiological Effects of the Sauna Bath," (in 
German), Sauna, Fachzeitschrift F. Sauna-Badewesen, No. 5-6, 1-5, 1964.
As found in Panorama, September 1964.
■^E. L. David, "Sauna, Its Application and Effect," Let1s Live, 
LXVIII (June, 1963), 26-31.
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nor when he is hungry. Moreover, it has been advised that one should 
not be exhausted physically or mentally (with the exception of athletes), 
otherwise the additional stress may have unfavorable effects. Loss of 
fluids should be compensated for by non-alcoholic beverages containing 
Vitamin C.
David mentioned that sauna bathing enhances recreation after phy­
sical exertion by supporting and perfecting appropriate metabolic processes. 
For these reasons, it is especially suitable for manual workers. (In Fin­
land, the peasants use the sauna to increase their physical performance.)
He further stated it is also extremely beneficial to those who do no 
physical work. It eases mental strain and increases the ability to con­
centrate. As sauna improves the metabolism and increases the blood supply 
to the brain, it acts favorably on the brain's activity and the reflex 
reactions of the many nerve ends in the skin. The sauna helps the athlete 
improve his condition and performance by the change of his vegetative ner­
vous system which is the same effect he aims to achieve through intensive 
training.
12An article from The Medical Record reported that in sauna bathing 
the metabolism accelerates, and basal values are increased 25 to 75 per 
cent in an hour. The pulse rate goes up slowly to 140, and then levels 
off. Pulse pressure becomes greater, chiefly because of a rise of the 
systolic pressure.
1 "3On the negative side, an article in the Medical Tribune linked 
the increase in lung cancer with sauna bathing. The sauna was put on the
^ T h e  Medical Record, LVII:4 (April, 1966), 118. 
•^Medical Tribune, XII:3 (November, 1964), 14-15.
11
suspect list because virtually every Finn on his feet takes such a bath
at least once a week. Professor Saxen expressed the opinion that the
heat must impose an unnatural strain that may weaken lung resistance.
Dr. Viljo Rantasalo, retired chief of the Helsinki Municipal Hospital
for Epidemic Diseases, and president of Sauna-Seura, the Finnish Sauna
Society, maintained that cigarette smoking is far more likely to blame.
14Karvonen reported that only in recent years has serious research
been undertaken on its physiological effects. He stated that in Finland 
great difficulty is found in studying any long-term effects of the sauna 
baths because there are no controls. Practically every Finn takes regular 
sauna baths starting in early childhood. In a more recent report on heat- 
induced "fatigue" of the sweating mechanism he recorded rectal temperatures 
in the 38.4°C.-to-39.4°C. range after several successive twelve-minute ex­
posures. Weight losses varied from 1.5 to 3.0 kg, with a mean of 1.6 per 
cent at first exposure.
Potassium-sodium ratio in urine reportedly increased significantly 
in a study under Dr. Karvonen's direction. It was found that, on the 
average, with forty healthy subjects, the potassium-sodium ratio in renal 
and adrenocortical functions doubled. Mean renal plasma flow dropped 20 
per cent during initial exposure to a "remarkable" 25 per cent during the 
second sauna period. Corresponding mean urine chloride excretion dropped 
37 and 49 per cent.
^  Karvonen, loc. cit., p. 4.
12
Hormonal studies at the Hospital for Allergic Diseases recorded 
adrenocortical activity increases lasting up to five days after exposure, 
a phenomenon reportedly put to therapeutic use at the seventy-five bed 
Helsinki institution.
A recent investigation by a team from the Institute of Occupational 
15Health showed that normal pulse may double after prolonged exposure. 
However, the heart work requirement reportedly was no greater than walk­
ing slowly on a level. Blood pressure in healthy persons remained about
the same, while marked drops were noted, temporarily, in hypertensives.
16Rodahl stated in The Journal of the American Medical Association 
that the effects on the cardiovascular system are essentially those which 
would be expected to result from exposure to heat, A. Eisale (Effects of 
the Finnish Sauna on Circulation, Mercatorin Kirjapaino, Helsinki, 1956) 
observed in normal subjects an increase in cardiac output, a decrease in 
circulation time, increased pulse rate, a slight decrease in systolic 
blood pressure, decreased peripheral resistance, and increased venous 
blood pressure. In hypertensive patients, the same changes were observed, 
except that in the hypertensives there was a significant fall in both sys­
tolic and diastolic blood pressures.
Fornoza^ compared the effects of physical exercise and the sauna 
on the leucocytic level of six swimmers and three gymnasts. He found that
~^The Medical Record, loc. cit., p. 119.
■^Kaare Rodahl, M.D. , "Sauna Steam Bath," The Journal of the Ameri­
can Medical Association, CLXXXII (October, 1962), 320.
17Antonio Fornaza, "Modifications of the Hemograms in Swimmers and 
Gymnasts by Physical Exercise and Finnish Bath, Sauna," Journal of Sports 
Medicine and Physical Fitness, IV, 1 (March, 1964), 37.
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the changes in the leucocytic formula as a result of the sauna paralleled
the changes resulting from exercise.
18Miettinen and Karvinen investigated the effects of the sauna 
bath on physical performance. The study consisted of a comparison of 
work performed on the bicycle ergometer by nineteen healthy subjects after 
a sauna and then two weeks later with no sauna. They found that the rest­
ing pulse rates of the group were significantly lower thirteen hours after 
the sauna than with no sauna. It was also found that the heart rate re­
sponse to ergometer work occurred more rapidly after the sauna. This 
finding suggests that performance in events which require very rapid 
circulatory adjustments might be facilitated by the sauna.
Fornoza^ further described the sauna as being very valuable as a 
means for sports training. Accordingly, the principal effect is produced 
in the circulatory system contributing to the reduction of the peripheral 
resistances, which consequently has an effect upon the nervous system and 
helps to reduce the blood pressure. He reported that the metabolism is 
also influenced. In his study, comparative values concerning circulation 
time, peripheral resistances and venous and arterial pressures were given. 
Due to the effects upon the cardiovascular system, the sauna can compen­
sate for the lack of physical exercise. He cautioned that the sauna pro­
duces an artificial fever which could weaken the athlete and the produced 
stress could thus cause over-exertion.
l^Matti Miettinen and Esko Karvinen, "Effect of Sauna Bath on Phy­
sical Performance," The Journal of Sports Medicine and Physical Perform­
ance , III (December, 1963), 225.
■^Antonio Fornoza, "The Sauna as a Physical Means to Maintain and 
Improve the Sportsman"s Condition," Revistal Espanola do Educacio Fisica, 
Nos. 171-177, Emero Febrero, 1964, 1-15. As found in the Index and Ab­
stracts of Foreign Physical Education Literature, LX, 1964.
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20Karvonen, Ilasan, and Piironen, in a review written during the
tenure of Karvonen and Piironen in a research grant from the Air Force
Office of Scientific Research, through the European Office of Aerospace
Research, United States Air Force, concluded the following concerning
the length of stay in the sauna bath:
The bather remains in this atmosphere for 10 to 30 minutes, 
depending on the thermal characteristics of the sauna, on 
individual tolerance and on personal preferences. Either 
one or both of two complementary operations may be carried 
out; (1) throwing water on the hot stones, resulting in 
gusts of hot humid air which spread rapidly over the room;
(2) beating oneself with soft bunches of fresh, slender, 
thickly leaved birch twigs which move the air around and 
produce mechanical stimulation of the skin.
The effect of a sauna bath on the over-all metabolic rate of man 
has been studied primarily as reflected in the total oxygen consumption. 
From this it appears that during a fifteen to twenty minute exposure the 
metabolic rate increases an average of 20 per cent, with individual varia­
tions ranging upwards to 40 per cent above the pre-exposure level. Meta­
bolic rate returns to pre-exposure level at about the same rate as body 
temperature. For approximately the next twenty-four hours, oxygen con­
sumption may occasionally fall below the level recorded before the ex­
posure to sauna conditions. There are no valid data available to indicate
whether this represents a true effect of the sauna bath. No such effect
21could be demonstrated in experiments by Hasan and Niemi.
^Ojeddi Hasan, M.D., Martti J. Karvonen, M.D., Ph.D., and Pekka 
Piironen, M.D., "Physiological Effects of Extreme Heat - As Studied in 
the Finnish "Sauna Bath." Special Review, Part I. American Journal of 
Physical Medicine, XLV, 6:304, 1966.
Hasan and M. Niemi, "Metabolic Responses of Human Subjects to 
Severe Acute Thermal Stress. Acta Physiological. Scandinav., 31:137-146, 
1954a.
15
22Ott reported that in exposures to sauna baths, repeated at 
intervals of a few days, the increase in the pulse rate of his subjects 
gradually declined, which might be interpreted as an indication of accli­
matisation.
2 3Crowder studied the effects of the sauna bath on cardiovascular 
efficiency. Fifty-two male subjects at Lamar State College of Technol- 
ogy, Beaumont, Texas, were randomly selected and tested initially for 
cardiovascular efficiency by the Harvard Step Test. Four groups were
formed: Group I was designated as the control group and engaged in no
formal program; Group II served as the running group and trained by run­
ning for fifteen minutes a day; Group III, the sauna group, trained by
sitting in a sauna for sixteen minutes a day; and Group IV, the running 
and sauna group, trained by running for fifteen minutes followed by a 
sixteen-minute sauna. The experimental groups trained three times a week 
for six weeks and this constituted their physical education activity for 
that period of time. At the end of the training period the subjects were 
again given the test of cardiovascular efficiency. All of the experimen­
tal groups improved significantly in cardiovascular efficiency, whereas 
the control group did not. There were no significant differences between 
the experimental groups in improvement of cardiovascular efficiency. It 
was concluded that running, sauna, and running plus sauna will result in
9 9Jeddi Hasan, M.D., Martti J. Karvonen, M.D., Ph.D., and Peklca 
Piironen, M.D., "Physiological Effects of Extreme Heat - As Studied in 
the Finnish 'Sauna' Bath." Special Review, Part II. American Journal 
of Physical Medicine, LXVII, No. 3:1229, 1967.
^Vernon Crowder, "A Study to Determine the Effects of the Sauna 
Bath on Cardiovascular Efficiency" (Unpublished Dissertation, Louisiana 
State University, Baton Rouge, Louisiana, 1969).
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significant improvement in cardiovascular efficiency, and that running 
plus sauna was not significantly better than running or sauna alone.
II. STUDIES INVESTIGATING THE RESULTS 
OF EXPOSURE TO HEAT
2 y
Karpovich listed the following physiological responses to en­
vironmental heat: rise in body metabolism; increase in frequency of
breathing, increase in circulation of blood; rise in pulse rate; increase 
in the minute-volume output of the heart; and loss of water by evapora­
tion. He further stated that research indicated a thirty-seven beat- 
per-minute increase in heart rate per three degree increase in rectal 
temperature.
Karpovich^ also reported that the Bureau of Mines Workers have 
repeatedly affirmed that pulse rates, rather than the rise in body tem­
perature, apparently determines the extent of discomfort experienced in 
hot environments. Subjects become uncomfortable after the pulse rate 
exceeds one hundred thirty-five beats per minute.
2 g
Buskirk and others investigated the effects of physical con­
ditioning and heat acclimatization on work performance after dehydration. 
Three groups of five men each were dehydrated by exposure to heat over­
night on two different occasions. When dehydrated, the subjects were 
asked to perform two bouts of work: a walk, followed by a run. One
^Karpovich, loc. cit. , p. 240.
25ibid., pp. 238-264.
26g. R. Buskirk e_t aJL., "Work Performance After Dehydration: Effects
of Physical Conditioning- and Heat Acclimatization," Journal of Applied Phy- 
s iology, 12:189-194, 1958.
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group was trained in cross country running, one group acted as a con­
trol, and the other group was acclimatized to heat. The results of 
this study indicated that work performance during dehydration is en­
hanced by physical conditioning; and that acclimatization to heat, 
superimposed, on physical conditioning, does not further enhance per­
formance. The results did not support the hypothesis that acclimatiza­
tion to heat results in an acclimatization of the pulse rate response 
to heat.
27Godermann and others concluded the following from tests concern­
ing the basic vibrations of the arteries under stress: (1) the vibrations 
remain in the steady state; (2) that in recovery after exhaustive stress, 
the stabilizing of the circulatory system is earlier in the trained than 
in the untrained subjects. They further stated that few experiments or 
tests can be found, as little work has been done on this subject.
III. SUMMARY OF RELATED LITERATURE
The available research found in the United States on the effects 
of the sauna bath on the human body is relatively sparse. Most of the 
research has been done in Germany and Finland. The leading authorities 
in Finland on the physiological effects of extreme heat, as studied in 
the Finnish sauna bath, are Martti J. Karvonen, M.D., Ph.D., Jeddi Hasan, 
M.D., and Pekka Piironen, M.D. The work of these men at the Institute of 
Occupational Health, Helsinki, Finland, was reviewed in the previous 
sections.
O *7^'E. Godermann et al.; "Adaptation Procedures of the Periphery of 
the Circulatory System to Bodily Stress," Soortarzt and Sportmedizin,
VIII (August, 1966), 401-405. As found in Index and Abstracts of Foreign 
Physical Education Literature, XI, 1966.
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Most of the available research revealed that the heart rate usu­
ally doubles from exposure to the sauna, rate of respiration is increased, 
and metabolism increases approximately 20 per cent while in the sauna. 
Moreover, the sauna is reportedly not a very good method of losing weight.
Contradictory evidence has been reported concerning the over-all 
effects of the sauna bath on metabolism, systolic pressure, diastolic 
pressure and pulse pressure.
All reported research confirmed that in hypertensive persons, sauna 
bathing may effect a considerable decrease of blood pressure. It was fur­
ther established by research that the sauna bath can be very valuable as
a sports training program and can compensate for the lack of physical
exercise. Karvinen and Miettinen concluded that performance in events
which require very rapid circulatory adjustments might be facilitated by
the sauna bath.
Crowder found that running, sauna, and running plus sauna resulted 
in significant improvement in cardiovascular efficiency, and that running 
plus sauna was not significantly better than running or sauna alone.
Karpovich listed the following physiological responses to environ­
mental heat: rise in body metabolism, increase in respiration, increase
in circulation of blood, rise in pulse rate, increase in the minute-volume 
output of the heart and loss of water by evaporation.
Buskirk and others concluded that work performance during dehydra­
tion is enhanced by physical conditioning; and that acclimatization to 




The study was conducted at Nicholls State College, Thibodaux, 
Louisiana, during the Spring Semester, 1969. The study was extended 
over a period of twelve weeks, with the first week devoted to orienta­
tion and instruction in testing and training procedures. During the 
first week, subjects were tested for purposes of establishing initial 
and/or base scores prior to sauna training. Following the week of in­
struction and orientation, each group trained for eleven weeks. One 
group was exposed to the sauna twice a week; the other group was exposed 
three times a week. All subjects were given the same test upon leaving 
the sauna room, once a week during the eleven training programs. Tests 
to determine the resting states of the subjects were administered again 
during the sixth and twelfth week of the investigation.
I. SELECTION OF SUBJECTS
Subjects for the study were selected from the student body of 
Nicholls State College, Thibodaux, Louisiana. The writer obtained the 
cooperation of twenty-three women students ranging in ages between eight­
een and twenty-eight years. The volunteer subjects were juniors and 
seniors in college and were not taking an active physical education 




II. GROUPING OF SUBJECTS
The subjects were randomly divided into two groups. The sauna 
room was available between the hours of 11:00 A.M. and 1:00 P.M. daily, 
Monday through Friday. Group I, consisting of twelve students, took a 
sauna bath three times a week. Group II, consisting of eleven subjects, 
took a sauna bath two times a week.
III. SELECTION OF TESTS
The following physiological reactions of the body to the sauna 
bath were measured: (1) pulse rate, (2) body temperature, (3) rate of
respiration, (4) body weight, (5) systolic pressure, (6) diastolic press­
ure, (7) pulse pressure, and (8) metabolism.
IV. TESTING PROCEDURES
All subjects were tested to determine the resting states of the 
body in the variables studied during the first, sixth, and twelfth weeks 
of the study. All resting states were determined between the hours of 
7:00 and 10:00 A.M. Each subject was instructed not to eat, smoke, exer­
cise or drink more than water prior to the time she was scheduled to re­
port to the training room. The subject was instructed to rest in a 
reclining position twenty minutes before actual measurements were taken.
The Jones Basal Metabolism machine was used to assess the resting 
metabolic rate of the subject. A trial test was administered, followed by 
three readings and an average was determined. The test consisted of admin­
istering one liter of oxygen to the subject in a reclining position. A 
chart made by the machine as the subject consumed the liter of oxygen
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indicated the rate at which the subject was consuming oxygen. This figure 
was used to calculate the metabolic rate of the individual based upon her 
age, height, and weight. A sample chart is shown in Appendix A. Each 
metabolism test took approximately fifteen minutes to complete. The 
subject was in a reclining position on a table in the training room for 
the entire test.
Rate of respiration was determined by counting the number of breaths 
taken per minute shown on the metabolism chart. As the subject consumed 
the liter of oxygen, the breathing chamber of the machine moved an ink 
pen back and forth on the metabolism chart showing the number of breaths 
taken per minute. Refer to Appendix A.
The subject was then instructed to sit up on the edge of the train­
ing table. A thermometer was placed in the mouth of the subject for three 
minutes. Oral temperatures were taken to determine the body temperature 
of the subjects.
Pulse rates were determined by counting the number of beats per
minute at the radial artery. Pulse rates were checked until three exact
readings could be determined.
Blood pressure, including systolic, diastolic, and pulse pressure 
were determined by using a sphygmomanometer and a stethoscope. All blood 
pressure readings were measured by the investigator.
Scales available in the athletic training room were used to measure 
body weight. All subjects were weighed clothed in swim suits prior to 
entering the sauna room.
Figure 1 depicts the metabolism machine with a subject in position 
for the test.
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Figure 1. Metabolism Machine with Subject
During the experimental phase of the study, subjects in both 
groups were given all physiological tests, with the exception of the 
metabolism test, immediately upon coming out of the sauna room, once a 
week, for eleven weeks. The metabolism test was given after the sauna, 
during the second, seventh, and twelfth weeks.
Testing procedures for determining the after effect of the sauna 
bath over a prolonged period of time were basically the same used in
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assessing the l'csting states of the body. The pulse rate was determined 
immediately before coming out of the sauna room by the investigator or 
the research assistant. Body temperature was determined orally and was 
assessed for three minutes, immediately when the subject came out of the 
sauna. Blood pressure was assessed by the research assistant at all times 
immediately upon coming out of the sauna. On a different day, rate of 
respiration was assessed by having the subject come out of the sauna room, 
lie down comfortably on a training table, while the investigator or assis­
tant counted the number of times the subject inhaled for thirty seconds. 
This figure was then multiplied by two and was recorded as the number of 
breaths taken per minute. Oral temperatures were also assessed at this 
time so that the subject was unaware that respiration rate was also being 
recorded.
Figure 2 illustrates the measurement of blood pressure of the sub­
jects immediately after the sauna bath.
V. TRAINING PROGRAM
The two training programs used in the study consisted of Group I 
taking a sauna bath three times a week, and Group II taking a sauna bath 
twice a week. Instructions for taking the sauna bath were those suggested 
by the Metos Sauna Company. A copy of the instructions is found in Appen­
dix B .
The subjects took a warm shower, then entered the sauna room where 
they remained for fifteen minutes. They left the sauna for approximately 
five minutes and then returned to the sauna for another fifteen minute
24
Figure 2. Blood Pressure Assessment After the Sauna
session. After the second session in the sauna, the physiological 
measurements were taken.
The length of time required for each subject to dress (swim suits), 
take the sauna bath, and be given the necessary tests was approximately 
one hour. Fifteen minutes were allowed for dressing, thirty minutes for 
the sauna, a five-minute break between sessions, and ten minutes to com­
plete all testing.
The sauna consisted of a room eight by eleven feet made of redwood. 
There were two levels of benches. The subjects were instructed to remain 
on the top bench at all times, if possible. Water was not thrown on the
25
stones at any time in order to keep the humidity low, thus making it 
possible for the subjects to tolerate the high temperatures for both 
fifteen minute sessions.
Testing Schedule for Sub jects. During the two-hour period, sub­
jects were scheduled to enter the sauna room, two at a time, every fif­
teen minutes, to allow the investigator time to collect the data on each 
subject individually upon leaving the sauna room. The testing schedule 
was as follows:
11:00 — 11:30 subjects 1 and 2
11:15 — 11:45 " 3 and 4
11:30 — 12:00 " 5 and 6
11:45 — 12:15 " 7 and 8
12:00 -- 12:30 " 9 and 10
12:15 — 12:45 " 11 and 12
The subjects entered the sauna room two at a time
above schedule. Subjects Numbers 1, 3, 5, 7, 9, and 11 in Group I were 
given the tests upon leaving the sauna room on Wednesday of each week. 
Subjects Numbers 2, 4, 6, 8, 10, and 12 in Group I were given the tests on 
Friday of each week. The same testing schedule was followed with Group II 
on Tuesday and Thursday of each week.
A questionnaire was filled out by all subjects during the sixth week 
of investigation in order to obtain additional information of a personal 
nature concerning the sauna bath.
VI. STATISTICAL DESIGN
The data for this study consisted of initial resting state, middle 
resting state and final resting state scores on eight physiological meas­
ures of the body taken during two programs of regular exposure to extreme
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heat. Weekly measurements were taken immediately after the sauna bath for 
all measurements with the exception of metabolism.
To determine the effects of each of the two programs of regular ex­
posure to heat on the body a three-part analysis of variance was used. A 
three-part analysis of variance was necessary because the same subjects 
were observed under each of the measurements. When a significant F ratio 
was obtained, regression, using orthogonal comparisons, was determined to 
analyze the effects of the sauna bath on the variables.
Correlations were computed between the initial scores and gains of 
all measurements for which significant gains were found to determine the 
effect the initial status of the subjects had on the final scores.
Consequently, either analysis of variance or covariance was used 
to compare the two groups, depending upon the computed correlations. A 
graphical analysis was also employed to study the adjustments of the body 
during the sauna training over the eleven-week period.
CHAPTER IV 
PRESENTATION AND ANALYSIS OF DATA
The main statistical tool employed to analyze the results of this 
study was a three-part analysis of variance. Regression polynomials were 
used in the orthogonal comparisons to determine the characteristic trends 
resulting from the treatments.
Analysis of variance and covariance was used to compare the effects 
of the two programs of regular exposure to heat.
A graphical analysis was employed to study any adjustments by the 
body during the sauna training program. The data collected in this study 
are presented in the Appendix.
I. ANALYSIS OF DATA FOR THE THREE DAY PER WEEK GROUP
Analysis of Variance for Determining Significance of Changes 
in Selected Physiological Measures Taken at the Beginning,
Middle, and End of the Sauna Training Program for the 
Three Day per Weelc Group
A three-part analysis of variance was used to determine the signi­
ficance of the differences between the initial, middle, and final test 
scores. The results of these analyses are summarized in Tables I, II,
III, IV, V, VI, VII, and VIII. With reference to Tables I - VIII, it can 
be noted that significant differences were found for the following meas­
ures: resting pulse rate, at the .01 level of significance; body tempera­




THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE
OF CHANGES IN RESTING PULSE RATES OF COLLEGE WOMEN EXPOSED TO A









Among treatment 491.6 2 245.8 7.5 .01
Among subj ects 3047.6 11
Error 721.7 22 32.8
Total SS 4260.9
F needed for significance at .05 level of confidence, 3.44; for .01 
level, 5.72.
Mean Scores: Test I (initial test) = 75.33; Test II (middle test) =
75.0; Test III (final test) = 67.4
TABLE II
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN BODY TEMPERATURES OF COLLEGE WOMEN EXPOSED TO A 









Ar.ong Treatment 1.62 2 .81 3.52 .05
Among Subjects 7.17 11
Error 5.10 22 .23
Total SS 13.99
F needed for significance at .05 level of confidence, 3.44; for .01 
level, 5.72.
Mean Scores: Test I (initial test) = 98.25; Test II (middle test) =
98.27; Test III (final test) * 97.8
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TABLE III
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE
OF CHANGES IN BODY WEIGHT OF COLLEGE WOMEN EXPOSED TO A PROGRAM .









Among treatment 3.2 2 1.6 .9 N.S.
Among subjects 15264.5 11
Error 39.8 22 1.8
Total SS 15307.5
F needed for significance at .05 level of confidence, 3.44; for .01 
level, 5.72.
Mean Scores: Test I (initial test) = 139.79; Test II (middle test) =
139.31; Test III (final test) = 139.17.
TABLE IV
TI-IREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN RATE OF RESPIRATION OF COLLEGE WOMEN EXPOSED TO A 









Among treatment 10.7 2 5 .4 1.9 N.S.
Among subjects 355.0 11
Error 62.6 22 2.8
Total SS 428.3
F needed for significance at .05 level of confidence, 3.44; for .01 
level, 5.72.
Mean Scores: Test I (initial test) = 11.1; Test II (middle test) = 12.6
Test III (final test) = 11.2.
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TABLE V
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE
OF CHANGES IN SYSTOLIC PRESSURES OF COLLEGE WOMEN EXPOSED TO A









Among treatment 1454.9 2 727.5 13.3 .01
Among subj ects 5457.2 11
Error 1198.4 22 54.4
Total SS 8110.6
F need for significance at .05 level of confidence, 3.44; for .01 
level, 5.72.
Mean Scores: Test I (initial test) = 121.6; Test II (middle test) = 109.4 
Test III (final test) = 107.
TABLE VI
TIIREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN DIASTOLIC PRESSURES OF COLLEGE WOMEN EXPOSED TO A 









Among treatment 542.9 2 271.5 7.3 .01
Among subjects 1711.2 11
Error 818.4 22 37.2
Total SS 3072.6
F needed for significance of .05 level of confidence, 3.44; for .ol 
level, 5.72.
Mean Scores: Test I (initial test) = 81.6; Test II (middle test) =
76.4; Test III (final test) = 72.
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TABLE VII
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN PULSE PRESSURES OF COLLEGE WOMEN EXPOSED TO A PROGRAM









Among treatment 297.6 2 148.8 2.0 N.S.
Among subj ects 1567.2 11
Error 1614.4 22 73.4
Total SS 3479.2
P needed for significance at .05 level of confidence, 3.44; for .01 
level, 5.72.
Mean Scores: Test I (initial test) = 40; Test II (middle test) = 33; 
Test III (final test) = 35.1.
TABLE VIII
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN METABOLISM OF COLLEGE WOMEN EXPOSED TO A PROGRAM OF 
EXTREME HEAT THREE DAYS PER WEEK FOR ELEVEN WEEKS
Source of 
Variation



















F needed for significance at .05 level of confidence, 3.44; for .01
level, 5.72.
Mean Scores: Test I (initial test) = 28.3; Test II (middle test) =
25.1; Test III (final test) = 19.1.
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pressure at the .01 level; and metabolism at the .05 level. The F 
ratio for the mean differences between the three tests did not meet the 
test of significance at the .05 level of confidence for body weight, rate 
of respiration, and pulse pressure.
Regression Analysis to Pe tonnine the Charac tcris tic 
Trends as _a Result of Treatment
Orthogonal comparisons for determining regression were computed to
ascertain whether there was a significant trend in the test scores on all
measurements where significant differences were found. The polynomials
used for the orthogonal comparisons to determine regression were as fol-
1 ows:
Test I II III
Trend
Linear -1 0 +1
Quadratic +1 -2 +1
The sum of squares resulting from each comparison were tested for signi­
ficance by computing an F ratio.
Resting Pulse Rate. The mean test scores of the initial, middle, 
and final tests measuring resting pulse rates are shown in graphic form:






The results of this analysis are summarized in Table IX.
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TABLE IX
REGRESSION ANALYSIS OF INITIAL, MIDDLE, AND FINAL TEST SCORES FOR
RESTING PULSE RATES OF SUBJECTS TAKING THE SAUNA
BATH THREE DAYS A WEEK
Source of 
Variation






Linear 384.00 1 384.00 11.6 .01
Quadratic 107.4 1 107.4 3.9 N.S
Error 721.7 22 32.8
F needed for significance at the .05 level of confidence, 4.30: for 
the .01 level, 7.94.
The F ratio for linearity met the test of significance at the .01 
level of confidence. This indicated that the resting pulse rates for the 
three day per week subjects decreased in a linear manner over the eleven 
week training program. The lion-significant F ratio for the quadratic 
comparison was interpreted to mean that the decrease in resting heart 
rate during the sauna bath training program showed no significant devia­
tion from linearity.
Body Temperature. .The mean test scores for the initial, middle, 









The results of this analysis are summarized in Table X.
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TABLE X
REGRESSION ANALYSIS OF INITIAL, MIDDLE, AND FINAL TEST SCORES FOR
BODY TEMPERATURES OF SUBJECTS TAKING THE SAUNA BATH









Linear 1.17 1 1.17 5.85 .05
Quadratic .08 1 .08 .33 N.S.
E r ro r 5.10 22 .23
F needed for significance at the .05 level of confidence, 4.3; for the 
.01 level, 7.94.
The F ratio for linearity met the test of significance at the .05 
level of confidence. The F ratio for a quadratic trend failed to meet the 
test of significance at the .05 level of confidence. These results indi­
cated that the decrease in body temperatures taken immediately after ex­
posure to sauna for the three day per week subjects over the eleven week 
training period was significantly linear.
Systolie Pressure. The mean test scores for the initial, middle, 






II (109.4)I (121.6) III (107)
Tests
The results of this analysis are summarized in Table XI.
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TABLE XI
REGRESSION ANALYSIS OF INITIAL, MIDDLE, AND FINAL TEST SCORES FOR
SYSTOLIC PRESSURES OF SUBJECTS TAKING THE SAUNA BATH









Linear 1261.2 1 1261.2 23.7 .01
Quadratic 193.7 1 193.7 3.3 N.S.
Error 1198.4 22 54.5
F needed for significance at the .05 level of confidence, 4.3; for the 
.01 level, 7.94.
The F ratio for linearity met the test of significance at the .01 
level of confidence. The F ratio for a quadratic trend failed to meet the 
test of significance at the .05 level of confidence. These results indi­
cate that systolic pressure for the three day per week subjects decreased 
in a linear manner over the eleven week training period and there was no 
significant deviation from linearity in evidence.
Diastolic Pressure. The mean test scores for the initial, middle, 
and final measures of diastolic pressures were plotted in graphic form.
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I (81.6) 11 (76.4) III (72)
Tests
The results of this analysis are summarized in Table XII.
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TABLE XII
REGRESSION ANALYSIS OE INITIAL, MIDDLE, AND FINAL TEST SCORES I-OR
DIASTOLIC PRESSURES FOR SUBJECTS EXPOSED TO A PROGRAM OF
EXTREME HEAT THREE DAYS PER WEEK FOR ELEVEN WEEKS
Source of 
Van'a tion






Linear 541.2 1 541.2 12.10 .01
Quauratic 1.7 1 1.7 .04 N.S
Error SIS.4 22 37.2
F needed for significance at the .05 level of confidence, 4.3; for the 
.01 level, 7.94.
The F ratio for linearity met the test of significance at the .01 
level of confidence. The F ratio for a quadratic trend failed to meet 
the test of significance at the .05 level of confidence. These results 
indicated that diastolic px-essure for the three days per week subjects 
decreased in a linear manner over the eleven week training period, and 
there was no significant deviation from linearity.
Me tabolism. The mean test scores for the initial, middle, and 






I (28.3) 11 (25.1) III (19.1)
Tests
The results of this analysis are summarized in Table XIII.
TABLE XIII
REGRESSION ANALYSIS OF INITIAL, MIDDLE, AND FINAL TEST SCORES FOR
METABOLISM FOR SUBJECTS EXPOSED TO A PROGRAM OF EXTREME









Linear 425.1 1 425.1 10.40 .01
Quadratic CO Ln 1 CO .20 N.S
Error 926.9 22 42.1
F needed for significance at the .05 level of confidence, 4.3; for
.01 level, 7.94.
The F ratio for linearity met the test of significance at the .05 
level of confidence. The F ratio for a quadratic trend failed to meet 
the test of significance at the .05 level of confidence. These results 
indicated that the decrease in metabolism for the three day per week sub 
jects over the eleven week training period was wholly linear.
II. ANALYSIS OF DATA FOR THE TWO DAY PER WEEK GROUP
Analysis o f Variance for De to m i n i n g S ignif .1 cance of 
Changes in Selected Physiological Measures Taken at 
the Doginning, 'Middle, and End of the Sauna Training 
Program for the Two Day per Week Group
A three-part analysis of variance was used to determine the signi 
ficance of the differences between the initial, middle, and final test 
scores. The results of these analyses are summarized in Tables XIV, XV, 
XVI, XVII, XVIII, XIX, XX, and XXI. With reference to Tables XIV - XXI, 
it can be noted that significant differences were made by subjects ex­
posed to a program of extreme heat two days per week for eleven weeks
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TABLE XIV
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE
OF CHANCES IN RESTING PULSE RATES OF COLLEGE WOMEN EXPOSED TO A •
PROGRAM OF EXTREME HEAT TWO DAYS PER WEEK FOR ELEVEN WEEKS
Source of Sum of Mean F
Variation Squares d £ Square Ratio P
Among treatment 18.4 2 9.2 0.5 N.S.
Among subjects 2997.3 10
Error 341.5 20 17.1
Total SS 3357.3
F needed for significance at .05 level of confidence , 3.49; for .01
level, 5.S5.
Mean Scores: Test I (initial test) = 75.7; Test II (middle test) =
74.6 ; Test III (final test) = 73.9.
TABLE XV
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN BODY TEMPERATURES OF COLLEGE WOMEN EXPOSED TO A 









Among treatment .86 2 4> CO to CC N.S.
Among subj ects 2.51 10
Error 4.40 20 .22
Total SS 7.S7
F needed for significance at .05 level of confidence, 3.49; for the 
.01 level, 5.85.
Mean Scores: Test I (initial test) = 9S.1; Test II (middle test) =
98.1; Test III (final test) = 97.7.
TABLE XVI
THREE-PART ANALYSIS OP VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE
OF CHANGES IN BODY HEIGHT OF COLLEGE WOMEN EXPOSED TO A PROGRAM •









Among treatment IS. 7 2 9.4 2.3 N.S.
Among subjects 5341.9 10
Error SI.4 20 4.1
Total SS 5442.0
F needed for significance at .05 level of confidence, 3.49; for .01
level, 5.S5.
Moan Scores: Test I (initial test) = 131.26; Test II (middle test) =
131.48; Test III (final test) = 129.7.
TABLE XVII
.EE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN RATE OF RESPIRATION OF COLLEGE WOMEN EXPOSED TO A 






Square Co rr O p
Among treatment 6.6 2
Among subj ects 405.6 10
Error 56.0 20
Total SS 468.2
F needed for significance at .05 level of confidence, 3.49; for .01 
level, 5.85.
Mean Scores: Test I (initial test) = 12.1; Test II (middle test) =
^_.9; Test III (final test) = 11.
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TABLE XVIII
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN SYSTOLIC PRESSURE OF COLLEGE WOMEN EXPOSED TO A 










Among treatment 113.7 2 56.9 1.5 N.S.
Among subjects 944.2 10
Error 983.5 20 39.2
Total SS 1841.6
F needed for significance at .,05 level of confidence , 3.49; for .01
level, 5.85.
Mean Scores: Test I (initial test) = 108.2; Test II (middle test) =
105. 9; Test III (final test) = 103.7.
TABLE XIX
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN DIASTOLIC PRESSURES OF COLLEGE WOMEN EXPOSED TO A 









Among treatment 119.0 2 59.5 1.2 N.S.
Among subjects 967.0 10
Error 984.9 20 49.2
Total SS 2071.0
F needed for significance at .05 level of confidence, 3.49; for .01 
level, 5.85.
Mean Scores: Test I (initial test) = 74.1; Test II (middle test) =
74.4; Test III (final test) = 70.7.
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TABLE XX
TH RISK-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE
OF CHANGES IN PULSE PRESSURES OF COLLEGE WOMEN EXPOSED TO A









Among treatment 21.2 2 10.6 .3 N.S.
Among subjects 506.1 10
Error 694.8 20 34.7
Total SS 1222.1
F needed for significance at .05 level of confidence, 3.49; for .01 
level, 5.85.
'Mean Scores: Test I (initial test) = 33.3; Test II (middle test) =
31.5; Test III (final test) = 33.
TABLE XXI
THREE-PART ANALYSIS OF VARIANCE FOR DETERMINATION OF THE SIGNIFICANCE 
OF CHANGES IN METABOLISM OF COLLEGE WOMEN EXPOSED TO A PROGRAM OF 









Among treatment 418.2 2 209.1 3.6 .05
Among subjects 16S3.4 10
1164.4 20 58.2error
Total SS 3266.1
F needed for significance at .05 level of confidence, 3.49; for .01 
level, 5.85.
Mean Scores: Test I (initial test) = 24.8; Test II (middle test) =
21.5; Test III (final test) = 19.7.
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only in die metabolism tests at the .05 level of confidence. No signi­
ficant differences were noted for resting pulse rate, body temperature, 
body weight, rate of respiration, systolic pressure, diastolic pressure 
and nu1s e pres su re.
Regress ion AnalysIs to Determine the Characteristic 
Trends as a Rcsu11 of Treatment
As with the three-day per week group, orthogonal comparisons for
determining regression were computed.
Metabolism. The mean test scores for the initial, middle, and





I (24.8) II (21.5) III (19.7)
Tes ts
The results of this analysis are summarized in Table XXII.
TABLE XXII
REGRESSION ANALYSIS OF INITIAL, MIDDLE, AND FINAL TEST SCORES OF 
METABOLISM FOR SUBJECTS EXPOSED TO A PROGRAM OF EXTREME 









Linear- 410.2 1 410.2 7.04 .05
Quadratic 8.0 1 8.0 .13 N.S
Error- 1164.4 20 5S.2
F needed for* significance at the .05 level of confidence, 4.35; for the 
.01 level of confidence, 8.10.
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The F ratio for linearity met the test of significance at the 
.05 level of confidence. The F ratio for a quadratic tr*cnd failed to 
moot the test of significance at the .05 level of confidence. These 
results indicate that metabolism for the two day per week subjects de­
creased in a linear manner over the eleven week training program, and 
there was no significant deviation from linearity in evidence.
III. CORRELATION OF INITIAL SCORES WITH GAINS 
BETWEEN INITIAL AND FINAL TEST
Correlations between the initial test scores and the gains were
computed for all measurements where significant differences were found.
If a relatively high relationship exists, it means that the final score 
values are considerably affected by the initial scores. When this occurs, 
covariance is indicated in the treatment of the data in order to statis­
tically equate the groups.
Conversely, when there is little or no relationship between ini­
tial scores and gains, analyses of variance should be employed.
The correlations were: -.03 for resting heart rates; -.14 for
body temperatures; -.59 for systolic pressure; -.05 for the diastolic 
pressures; and -.60 for metabolism scores.
IV. ANALYSES OF VARIANCE AND COVARIANCE TO DETERMINE THE
SIGNIFICANCE OF THE DIFFERENCES IN MEAN GAINS
IN CERTAIN PHYSIOLOGICAL MEASURES OF 
THE TWO EXPERIMENTAL GROUPS
It was determined that the data would be treated statistically 
with analysis of variance for testing the significance of the differences
44
between the two groups for l-esting pulse rates, body temperatures and 
diastolic pressures. Analysis of covariance was employed to determine 
the significance of the differences between the two groups for systolic 
pressures and metabolism.
It can be seen from Tables XXIII, XXIV, and XXV that no signifi­
cant differences at the .05 level of confidence exist between the two 
groups in the gains from initial to final tests in resting pulse rates, 
body temperatures, and diastolic pressures.
It can further be seen from Tables XXVI and XXVII that the F 
ratios failed to meet the test of significance at the .05 level of con­
fidence between the two groups in systolic pressures and metabolism.
V. GRAPHICAL ANALYSIS OF WEEKLY MEAN SCORES OF THE AFTER 
SAUNA MEASUREMENTS OF GROUP I AND GROUP II
Figure 3 shows the pulse rates after the sauna bath of both groups 
for a period of eleven weeks. It can be noted that the subjects in both 
groups adjusted to the extreme tempex-atures of the sauna bath over aix 
eleven week period, and that consistently the pulse rates were not af­
fected as much by the sauna bath.
Figure 4 shows the mean body weights following the sauna baths of 
both groups measured weekly during the eleven week period. It should be 
noted that subjects in both groups did not vary more than one to two 
pounds at any time within the study. There x̂ as no significant weight 
loss in either group.
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TABLE XXIII
ANALYSIS OF VARIANCE FOR CC5-IP ARISON OF THE EFFECTS OF TV/O PROGRAMS
OF REGULAR EXPOSURE TO EXTREME !IIEAT ON RESTING PULSE
RATES OF COLLEGE WOMEN
Source of Sun; of Mean F
V a r i a i: ion S q u arc s df Square Ratio P
Among 241.3 1 241.3 2.29 N.S.
Within 2210.4 21 105.2
Total 2451.7 22
F needed For significance at .05 level of confidence, 4.32; for .01 
level, S.02.
Mean Gains: Group I (three days a week) = 7.73; Group II (two days a
week) = 1.8
TABLE .uvIV'
ANALYSIS OF VARIANCE FOR COUP ARISON OF THE EFFECTS OF TWO PROGRAMS 










Among 0 1 0 0 N.S.
Within 21,777,917.3 21 1,037,043.6
Total 21,777,917.3 22
F needed for significance at .05 level of confidence, 4.32; for .01
level, S.02.




AXAT A' SIS OF VARIANCE FOR COMPARISON OF THE EFFECTS OF TWO PROGRAMS 










Among 10.7 1 10.7 .13 N.S.
Within 1680.6 21 30
Total 1691.3 22
F needed for significance at .05 level of confidence, 4.32; for .01 
level, 3.02.
Mean Gains: Group I (three days a week) = 9.6; Group II (two days a
week) = 3.4
TABLE XXVI
ANALYSIS OF COVARIANCE FOR COMPARISON OF 






















F needed for significance at .05 level of confidence, 4.35; for .01 
level, S.10.
Adjusted Final Means: Group I (three days a week) = 104.05; Group II
(two days a week) = 103.9
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TABLE XXVII
ANALYSIS OF COVARIANCE FOR COMPARISON OF THE EFFECTS OF TWO PROGRAMS 
OF RECULAR EXPOSURE TO EXTREME IIEAT ON METABOLISM OF
COLLEGE WOMEN
Source of Adjusted Sum Mean F
Variation of Squares d f Square Ratio P
Be tween 161.6 1 161.6 1.6 N.S.
Within 1977.0 20 98.8
Total 2138.6 21
F needed for significance at .05 level of confidence, 4.35; for .01 
level, S .10.
Adjusted Final Means: Group I (three days a week) = 18.81; Group II
(two days a week) = 20.07
Figure 5 shows the body temperatures of both groups. It should 
be noted that both groups did acclimatize to the heat. The erratic de­
cline of Group II can be explained by two distinct breaks in the train­
ing period that did not occur in Group I. During the sixth week, the 
electricity was out in Shaver Gymnasium, and one day was missed that 
week for Group II. During the eighth week, the East Holidays again af­
fected Group II. This suggests that even though acclimatization does 
occur, even a small interruption in training will affect the extent of 
adjus tment.
Figure 6 shows the adjustments of rate of respiration during the 
sauna training programs. It should be noted that the rates of respira­
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Figure 4. Mean Weekly Body Temperatures Recorded Immediately After Sauna Bath
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Figure 5. Mean Weekly Body Weights Recorded Immediately After Sauna Bath
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Figure 6. Mean Weekly Rates of Respiration Recorded Immediately After Sauna Bath
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Figure 7 shows the effect of the sauna bath on systolic pressures 
immediately after the sauna bath over an eleven week period for Group I 
and Group II. Both groups show a decrease in systolic pressure. An 
explanation of the higher systolic pressures of Group I is that there 
were three subjects in this particular group who had high blood pressure. 
Even though the sauna caused a decrease in systolic pressure, the mean 
systolic pressures were higher in Group I than in Group II.
Figure 8 shows the effect of the sauna on diastolic pressures of
both groups. It should be noted that during the first three weeks of
training in the sauna, diastolic pressure typically tends to drop. As 
the training period progresses, diastolic pressure is affected less and 
less in the sauna.
Figure 9 shows the effect of the sauna bath on the pulse press­
ures of Group I and Group II. Due to the characteristic initial drop
in diastolic pressure, it was thus expected that there would be a cor­
responding increase in pulse pressure, and as the training progresses, 
less effects were noticed in pulse pressure.
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Figure 9. Mean Weekly Pulse Pressures Recorded Immediately After Sauna Bath
CHAPTER V
SUMMARY, FINDINGS, DISCUSSION, CONCLUSIONS, AND 
RECOMMENDATIONS
I. SUMMARY
The purpose of this study was to determine the comparative phy­
siological effects of two programs of exposure to extreme heat on the
body over a prolonged period of time. A secondary purpose was to ana­
lyze the adjustments made by the body at various intervals during the
two programs of extreme heat over the eleven week training program.
Twenty-three female students from Nicholls State College, Thibo- 
daux, Louisiana, volunteered to serve as subjects, and were then ran­
domly placed into two experimental groups. Group I, consisting of 
twelve subjects, took a sauna bath three times a week. Group II, con­
sisting of eleven subjects, took two sauna baths a week. The study was 
extended over a twelve week period of investigation.
The physiological measures taken were: pulse rate, body tempera­
ture, rate of respiration, body weight, systolic pressure, diastolic 
pressure, pulse pressure and metabolism. All subjects were given tests 
to determine the resting states of these measures during the first, 
sixth, and twelfth weeks of the study.
During the experimental phase of the study, subjects in both groups 
were given all physi" sgical tests, with the exception of the metabolism 
test, immediately upon coming out of the sauna rcr., (second session), 
once a week for a period of eleven weeks.
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The statistical techniques employed to analyze the results of 
this study were as follows: a three-part analysis of variance was used
to determine significance of changes in physiological measures; regres­
sion effects during the training program were tested for significance 
through use of orthogonal comparisons; correlations between the initial 
scores and gains of all measurements for which significant differences 
were found were computed to determine the effect of initial status on 
final measures scores; depending upon the computed correlations, either 
analysis of variance or covariance was used to compare the two groups; 
and finally, a graphical analysis was employed to study any adjustments 
by the body during sauna training over the eleven week period.
II. FINDINGS
The findings of this study were:
1. Resting pulse rate was lowered significantly, at the .01 level of 
confidence in subjects exposed to a program of extreme heat three days 
per week for eleven weeks.
2. Resting body temperatures were lowered significantly at the .05 level 
of confidence in subjects training three days per week for eleven 
weeks in extreme heat.
3. Resting systolic pressure was lowered significantly at the .01 level 
confidence in subjects who were exposed to a program of extreme heat 
three days per week for eleven weeks.
4. Resting diastolic pressure was lowered significantly at the .01 level 
of confidence in subjects who were exposed to a program of extreme 
heat three days per week for eleven weeks.
5. Resting metabolism was lowered significantly at the .05 level of 
confidence in subjects exposed to extreme heat three days per week 
for eleven weeks, and in subjects training two days per week for 
eleven weeks.
6. There was no significant change noted in the resting states of the 
body weight, rate of respiration and pulse pressure at the .05 level 
of confidence in subjects exposed to heat three days per week for 
eleven weeks.
7. Resting pulse rates, body temperatures, systolic pressures, diastolic 
pressures and metabolism decreased in a significant linear manner in 
subjects exposed to extreme heat over the eleven week training period 
for the three day per week group.
8. There was no significant change found in the resting states of the 
body weight, rate of respiration, body temperature, systolic pressure, 
diastolic pressure, and pulse pressure in subjects who were exposed to 
a program of extreme heat two days per week for eleven weeks.
9. No significant differences between the groups exposed to extreme heat 
three days per week for eleven weeks and two days per week for eleven 
weeks on changes in resting pulse rates, body temperatures, systolic 
pressures, diastolic pressures and metabolism were found.
10. The graphical analyses revealed that the adjustments made by the body
were similar for both groups. Pulse rate and body temperature did not 
rise as high as the weeks of training progressed. Systolic pressures 
dropped, then became unaffected, diastolic pressure dropped extremely 
low at the beginning of the training program and continued to rise as 
the weeks of training progressed. Pulse pressure increased greatly at 
first, due to the extreme drop in diastolic pressure, but continued to 
drop in relation to the rise in diastolic pressure.
59
III. DISCUSSION
A questionnaire was filled out by all subjects in this experiment.
It was believed that some of the comments merited discussion. All of the 
subjects were strictly volunteers and their main interest in the program 
reportedly was to lose weight. As noted in the findings, neither group 
varied more than one pound over a period of eleven weeks. Even though 
they perspired profusely during the sauna baths, the subjects eventually 
realized that this water loss would not in itslef cause significant reduc­
tions in body weight. Nevertheless, enthusiam was maintained throughout 
the experiment. Even during examinations, the subjects were regular in 
attendance. Some of the values of the sauna baths, as listed by the sub­
jects, were: complexion was improved, especially for the subjects with
very oily skin; about half of the subjects noticed a difference in body 
size, noting first that their clothes were fitting more loosely; all sub­
jects reported that they felt very relaxed and sleepy after the sauna bath; 
all experienced a feeling of thirst and said that their water intake had 
increased; and a few subjects said that their appetites increased.
It should be mentioned that two subjects fainted after the exposures 
and several felt weak. During a two-week period of the investigation, 
about half of the subjects had fever blisters. The author consulted a phy­
sician in Thibodaux and his explanation was that raising the body tempera­
ture to about 101 degrees activated a dormant virus located on the lips.
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It was reported in the findings that the body does adjust to the 
sauna, and, after a while, heart rate does not increase as high and body 
temperatures are not affected as much. The Easter Holidays came during 
the eighth week of the investigation. On all of the plottings of the 
mean scores, it can be noticed that a sharp rise resulted in the measures 
following the Easter Holidays. It appears that even though the body does 
adjust to the sauna, non-participation for about six days causes the body 
to quickly revert to the pre-training status.
During this investigation, there were no subjects absent with colds 
or flu. It should also be mentioned that schools in this area were closed 
because of the flu. Many of the subjects reported that they felt as 
though they were becoming ill, but never did.
It was the opinion of the author that the psychological values, in 
particular the relaxing effects, derived from the sauna bath were one of 
the main reasons for the continued enthusiasm and cooperation by the sub­
jects.
IV. CONCLUSIONS
Within the limitations of this study, the following conclusions 
can be made:
1. A program of regular exposure to extreme heat will signifi­
cantly lower the body resting states of pulse rate, body 
temperature, systolic pressure, diastolic pressure, and 
metabolism during the training program.
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2. The body becomes acclimatized to extreme heat imposed over
a long period of time, but this acclimatization is temporary 
and is quickly lost when the training program is interrupted.
3. The information obtained from the questionnaire implied the 
subjects had favorable reactions to the sauna.
V. RE COMMENDATIONS
The following recommendations are made:
1. It is suggested that research be done to study the effect of 
the sauna bath on blood pressure while in the sauna.
2. It is suggested that a similar study be conducted with hyper- 
tens ive subj ects.
3. It is further suggested that anthropometric measurements be 
taken on the subjects in a similar study.
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SAUNA BATH INSTRUCTIONS 
(Published by the Matos Sauna Company)
HOW TO BATHE IN THE SAUNA
1. Undress, get wet in the shower; go into the sauna with two or three 
towels, one to sit or lie on, one to use as a pillow, one to half­
drape the body if desired. Stay there fifteen minutes; start on the 
top bench, the hottest place, and move to the iower bench when needed. 
Your pores will open and you will perspire freely, but due to the 
very low humidity, much of the moisture will be absorbed in the atmos­
phere .
2. Go into the shower; spray the body with cool water for 60 seconds or 
more.
3. Rest for 15 minutes; relax, read, day dream, or nap.
4. Return to the sauna for 10 minutes; this time, perspiration will start 
almost at once. If desired, slowly dribble a half cut of water on the 
stones; this increases the humidity momentarily. You will enjoy the 
delightful aroma of the redwood, perspiration will increase, and the 
room will feel hotter,
5. Leave the sauna room, rest until all perspiration stops and the body 
is at normal temperature, about 15 minutes.
6. Shower, closing the pores with cool water.
Notes: (A) Sauna is designed to keep healthy people healthy, though medi­
cal tests reveal many therapeutic advantages. If you have any health im­
pairment, check with your doctor, explaining that this is dry heat, not 
wet.
(B) New bathers, take it easy; take 5 minutes the first couple of times.
(C) Do not go into the sauna immediately after consuming alcohol, or until 
one hour after eating.
(D) Sauna builds resistance colds and "cold diseases," but do not dress
and go into cold weather until all perspiration stops and the pores are 
closed to avoid catching cold.
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APPENDIX
INITIAL, MIDDLE, AND FINAL TEST SCORES FOR RESTING PULSE RATES
OF GROUP I AND GROUP II
Initial Middle Final
Sub •; ec t Tes t___________________Tes_t_______________ Tes t
GROUP I
1 70 74 58





5 80 74 68
6 82 96 72
7 90 104 82
8 76 70 70
9 58 56 52
10 60 66 62
11 76 66 66
12 78 66 74
GROUP II
1 60 64 62
2 70 53 60
3 72 80 78
4 66 64 62
5 74 72 74
6 70 72 66
7 86 92 82
8 80 76 76
9 74 72 72
10 86 88 84
11 96 82 96
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APPENDIX D
INITIAL, MIDDLE, AND FINAL TEST SCORES FOR BODY TEMPERATURES




1 98.4 98. 2 98.5
0L. 97.4 96.8 96.8
3 98.8 98.8 97.6
4 98.5 97.9 97.3
5 9 7.8 98.3 98.2
6 98.2 98.4 98.0
7 98.4 99.9 98 .6
8 98.6 98.8 96.3
0s 97.6 98.0 97.4
10 97.3 93.6 97.4
11 98.6 98.6 99.0
12 98.8 97.2 98.0
GROUP II
1 9 7.6 98.2 97.6
2 98.4 97.2 97.2
3 98.5 97.3 98.1
4 98.6 98.2 98. 1
5 98.4 93.0 9S.4
6 98.2 97.4 97.8
7 98.7 9S.0 97.1
8 98.0 99.2 98.0
9 97.8 98.4 98.2
10 97.4 97.8 97.6
11 98.4 98.8 97.6
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APPENDIX E
INITIAL, MIDDLE, AND FINAL TEST SCORES FOR BODY WEIGHTS
OF GROUP I AND GROUP II
Initial Middle Final
Sub j eet Tes t____________________Test_______________ Tes t
GROUP I
1 176.0 173.5 172.5
2 116.0 116.0 117.0
J> 106.8 107.0 '106.0
4 152.0 151.0 152.0
5 10S . 0 110.2 107.5
6 138.0 137.0 136.0
7 139.0 139.0 141.0
8 131.5 131.0 129.7
9 144.0 145.0 143.0
10 168.0 166.0 163.7
11 '160.0 158. 0 157.0
12 133.0 138.0 139.5
GROUP II
1 147.0 143.5 137.0
2 130.0 123.0 126.0
122 .0 120.0 121.0
4 133.1 142.0 140.0
5 138.0 140.0 142.0
6 139.0 141.0 137.0
7 112.0 113.0 112.5oO 124.0 123.5 121.0
9 122.7 122.2 122.7
10 115.0 116.0 115 .5
11 156.0 157.0 153.0
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APPENDIX F
INITIAL, MIDDLE, AND FINAL TEST SCORES FOR RATES OF RESPIRATION
OF GROUP I AND GROUP II
IniDial Middle Final
Sub j ect_______________ Test Tes t_______________ T e s i:
GROUP I
i 10 10 11
2 12 15 10
3 13 i /.i.'-i- 12
4 8 7 5
5 17 15 16
6 11 14 12
7 14 15 8
8 17 16 16
9 7 r>o 9
10 9 13 12




1 12 11 7
2 1 1 11 11
3 11 9 11
4 20 21 15
5 16 14 16
6 12 14 16
I 15 12 12
8 10 9 Ou
9 10 12 12
10 5 4 5
11 11 9 9
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APPENDIX G
INITIAL, MIDDLE, AND FINAL TEST SCONES FOR SYSTOLIC PRESSURES
OF GROUP I AND GROUP II










2 120 110 100
nJ 110 100 112
4 110 100 90
5 110 100 100
6 110 116 110
7 118 110 100
o 100 90 96
9 120 100 100
10 120 116 102
11 140 122 122




0 118 100 100
3 115 104 108
4 117 116 112
5 110 106 108<o 110 110 106
7 100 98 104
S 80 104 96
9 110 98 98
10 110 106 102
11 110 114 98
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APPENDIX II
INITIAL, MIDDLE, AND FINAL TEST SCORES FOR DIASTOLIC PRESSURES
OF GROUP I AND GROUP II
Initial Middle Final
Subjects Test____________________ Test_______________Tes t
GROUP I
1 100 76 . 88
2 80 80 80
3 78 78 70
4 85 70 53
5 78 70 60
6 70 78 74
7 80 SO 70
S 75 60 60
9 78 78 70
10 80 70 63
11 94 90 80
12 80 66 86
GROUP II
1 78 70 80
2 90 60 68
3 80 82 76
4 86 80 82
5 70 78 62
6 70 70 60
7 70 70 70
8 55 78 60
9 70 70 70
10 80 80 74
11 75 - 30 75
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APPENDIX I
INITIAL, MIDDLE, AND FINAL TEST SCORES FOR PULSE PRESSURES
OF GROUP I AND GROUP II
Initial Middle Final
Sub octs Tes t____________________ Tes t______________ Tes t
GROUP I
1 70 SO­ 42
2 40 SO 20
3 32 22 42
A 25 30 42
5 32 30 40
6 40 38 36
7 QSj u 30 30
8 25 30 36
9 42 22 42
10 40 46 34
11 46 32 42
12 50 32 24
GROUP II
1 32 38 23
2 n  n <d- G 40 32
3 35 22 32
4 31 36 30
5 40 28 46
6 40 40 46
7 j j O 28 J<-r
(S
G 25 26 36
9 40 28 28
10 30 26 28
11 35 34 23
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APPENDIX J
INITIAL, MIDDLE, AND FINAL TEST SCORES FOR METABOLISM











2 25 20 15
3 35 26 24
4 .20 10 10
5 38 30 20
r0 15 15 26
7 22 35 12
S 44 40 30
9 15 15 — 3
10 29 22 20
11 37 37 34




2 13 13 7
s O  O  u 18 15
4 38 35 23
5 ■ 13 7 16
6 21 30 23
7 38 30 17
n
O 17 27 25
9 39 24 20
10 22 6 0
11 15 14 26
APPENDIX K
WEEKLY MEAN SCORE S FOR ALL, rIEASUlL!:’ RENTS 1"A KEN IMi■lEDIATEIAr AFTER THE SAUNA BATII FC:I GROUP I AND GROUP II
Measure­
ment Group “ f
7ceks
3 4 5 6 7 8 9 10 11 12
Pulse I 151 143 13S 139 133 134 137 136 133 133 130
Rates II 146 143 143 128 127 129 126 130 129 119 124
Body I 101.5 101.4 101.0 100.9 100.9 100.6 100.7 101.2 100.8 100. 7 100.4
Temperatures II 101.3 101.5 101. 1 100.6 101.2 100.5 100. 7 100.9 100.7 100. 4 100.4
Body I 139 138 139 139 139 138 138 139 139 138 138
Weight II 130 131 131 131 131 130 130 130 130 130 129
Rate of I 23. 22 22 19 17 15 16 15
Respiration II 21 22 20 18 18 18 16 17
Sys tolic I 128 126 121 119 118 117 118 108 113 113 110
Pressure II 110 113 109 111 109 105 114 109 108 102 107
Dlas tolic I 34 35 43 45 50 56 53 59 56 54 56
Pressure II 31 36 43 45 48 55 57 57 51 56 53
Pu 1 s e I 95 90 78 72 68 61 64 55 57 60 54
Pressures II 74 80 66 66 60 50 56 54 58 46 55
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